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(54) A method for connecting optical fiber cables 

(57) A test piece (1) is prepared having the same 
metal tube (2) and metal sleeve (4) as in the case of metal 
tube covered optical fiber cables (10) and (20) to be con- 
nected and a sensor (5) for measuring temperatures in 
the vicinity of a welding part, prior to connection of the 
cables an optimum welding condition is set by variously 
changing welding conditions using the test piece (1) and 
measuring temperatures in the vicinity of the welding 



part with the sensor (5), the connection is made under 
such an optimum welding condition, and after this con- 
nection welding is done under one and the same condi- 
tion as in the case of the connection using the other test 
piece (1 ), and then by the output of the sensor (5) it is to 
be made sure that the connection has been carried out 
almost under the same condition as the optimum welding 
condition. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 

The present invention relates to a method for connecting optical fiber cables which are covered with metal tubes. 
2. Description of the Related Arts 

10 

An optical fiber cable generally has the length of several hundred meteres to ten-odd kilometers and wound on a 
bobbin, etc. In actual use, in the case where a connection distance is longer than said lengths, optical fiber cables are 
connected. In the case of metal tube covered optical fiber cables, two optical fiber cables are connected in the following 
way. Core wire optical fibers are exposed from the covered parts on the respective end parts of the two optical fiber 

75 cables to be connected. The end parts of the optical fibers are fused to each other In the state that metal sleeve having 
an outer diameter close to that of the metal tube is provided on one optical fiber cable side. Then, the metal sleeve is 
slidingly moved to a position over the metal tubes of the two optical fiber cables. The metal sleeve is caulked when 
necessary and welding is done between the metal sleeve and both of the metal tubes. 

There are various welding methods, of which laser beam welding is usually used in that highly accurate wekJing is 

20 required as the metal tubes are extremely small in diameters and thin. 

Welding must be carried out by setting an optimum welding corxiition and constantly keying it, since the core wire 
optical fiber is easily affected by heat generated at the time of welding the metal tube and the metal sleeve. 

The parts of the optical fibers of tiie two connected optical fiber cables likely to be affected most by heat during 
welding are completely covered by the metal tubes and the metal sleeve. Even if welding is done under the condition 

25 considered to be optimum, there is no way of inspecting the level of its influence during or after welding. Further, as the 
connected optical fiber cables are very long, even when abnormal states are found by inspecting the characteristics of 
the optical fibers on the end parts, it is impossible to kientify whether the abnormalities have been generated due to 
fusing of the optical fibers themselves, or influence of heat by welding tiie metal tubes and the metal sleeve, or changes 
of the characteristics of the optical fibers on tiie other parts. 

30 As described above, the two optical fiber cables must be connected by setting the optimum welding condition and 
doing welding work under such a condition. However, in the conventional manner it has been impossible to find any 
changes in the condition after setting, and thus connecting work had to be carried on assuming tiiat specified accuracy 
and characteristics were provkled. 

35 SUMMARY OF THE INVENTION 

It is an object of the present inventran to provide a method for connecting optical fibers which allows confirmation 
that welding has been operated exactly under the optimum condition as set beforehand. 

In order to attain the object, the present invention provides a method for connecting two optical fber cables using 
40 a metal sleeve, the optical fiber cable having optical fiber and metal tube for covering thereof, tiie method comprising 
the steps of: 

(a) fitting a first metal sleeve to a first metal tube to form a fitting portion, the first metal sleeve being the same as 
the metal sleeve and the first metal tube being the same as the metal tube; 
45 (b) inserting a sensor for measuring temperatures Into the first metal tube at a pos'rtion corresponding to the fitting 
portion: 

(c) welding the fitting portion, while changing welding conditions, and measuring temperatures to determine an 
optimum welding condition; 

(d) exposing two optical fibers and two metal tubes by specified lengths on the respective end parts of the two optical 
so fiber cables to be connected; 

(e) fitting the metal sleeve on the exposed metal tube of one of the two optical fiber cables; 

(f) fusing the two optical fibers to each other on the end parts of the two optical fiber cables; 

(g) moving the metal sleeve to a position over the exposed metal tubes of the two optical fiber cables: 

(h) welding the metal sleeve and the metal tubes on the entire periphery under the optimum welding condition which 
55 was determined in the step (c); 

(i) fitting a second metal sleeve to a second metal tube to form a fitting portion, the second metal sleeve being the 
same as the metal sleeve and the second metal tube being the same as the metal tube; 

(j) inserting a sensor for measuring tenrperatures into the second metal tube at a position corresponding to the fitting 
portion; 



2 



BNSDOCID: <EP_0690321A1J_> 



EP 0 6S0 321 A1 



10 



(k) welding thefitting portion under the welding condition of the step (h) while measuring temperatures by thesensor; 
J"confirming that said welding of thestep(h)wasmadeunderthesame condition assaidoptimumweW^^^ 

RRIFF ni=SCRIPTION nPTHE DRAWINGS 

Fig. 1 A to Fig. 1 E are views showing the steps of the embodiment according to the present invention. 
nFRr.RIPTION OF THE PpPFFRRED ElVIBODIMENT 

According to the present invention, at least two test pieces are prepared. The test piece has a metal tube a m^al 
sleeveS^a sensor for measuring temperatures. The metal tube and the metal sleeve are the same as those of the 
TiZTe covT^optical fiber ciles to be connected. WeWIng is tentatively carried out between the metal and 
mS^ sleeve. Thesensor measurestemperaturesinthevidnityofaweld-.^^ 

" ""B^rl^urconnection of the optical fiber cables, an optimum welding condition is set by 7'°"^'^/^^^^^^^^^^^ 
conditions using a pair of test pieces and measuring temperatures in the vicinity of the weWng part with the sensors. 
S ali^S bit wor.ng'e,fidency and gives no heat effects to fj^" 7.^^^^^ 

range wherein no heat effects are given depends on the characteristics of the optical fber. 200 C or less s preferable. 

" ^"?;;r.Vr2errh'aT^^^^^ 

connection is carried out in the following way. The optical fibers as core wires ^^'^^^^ "^^^ 

covered optical fiber cables are exposed by a specified length, respectively. The metal sleeve .s ^*f^on one metel tube 
cwerS cStical fiber cable. Both optical fibers are fused to each other. The fusing is earned out by an arc dischage 
m'Sna ^e rSall^eve is m^ to a specified positic over the exposal metal tubes of both -ta. tj^e cx^ered 
optical fiber cables, and in this condition the metal sleeve and the metal tiijes are welded. After the metal sleeve .s 
moved to the specified position, the sleeve is sometimes caulked for better welding. «„h eamo 

Then after connection of cables, using the other pair of test pieces welding is carried out under one and the same 
condlJon"af,Se^n,Slon. Temperatures in the vicinfty o. the welding part ^ ^^^^^^^^^^^^^ 
welding. It is made sure that the temperatures are the ones which will not give any heat effects ^ jhe °jrt'(^IJtoere^and 
Thus it I determined that no heat effect was given to the optical fibers at the tme of actual """«*f'^' *^.^^^f_ 
According to the present invention, connection of cables is done between pre and post we din^ i^ing me te^ 
pieces. Howler, such connection of cables is not limited to only once. It may be operated by a plural "^^^^^^ 
vZn it is expected that there will not be many fluctuations in the welding conditions and when the resute of the pre 
^d post welding operations using the tese pieces are within the allowable values, .t is possible to consider that the 
c6nnection carried out by a plural number of times were operated well. 

EMBODIMENT 

A preferred embodiment of the present invention will be described with reference to the ^'^'^"^2?^!:'^!!!^ 
Fig 1AtoFig.lEare views Showing the steps of the embodimertaccordingtothepresertinvention. 

imern at lea^ tJo test pieces are prepared before two metal tube covered optical fiber cables to be connected are 

^"^^The test"2Ss to be prepared are similar to the metal tube covered optical fiber cables to be aclually connected. 
For ITan^t'Srr^irtobe covered optica, fiber caUes are cut by a -P-«ied length and the^^^^^^^^^ 
removed or peeled off so as to expose the metal tubes as much as necessary in length. Then, the core wire optical 
ftoT^^e tLken ai^ te^^^^ e.g.. thermocouples, are inserted thereinto. Fig. 1 A shows this example. 

V^g TatVTx^eoe 1 a protecting tube 3 is inserted into a metal tube 2 with its optical fiber ta^en -rt -hen 
necessary an^ a metal sleL 4 is attached to the metal tube 2 and caulked. This metal sleeve 4 is ^-^''^ f « 

for actual connection of the optical fiber cables and caulked on the ^me position as ^ ^^^^ 

connection In the protecting tube 3 a thermocouple 5 is disposed on a position corresponding to the caultang posrtwn 
Ttiir^letelSle^eTanisensor.itswiringeis pulled outsidet^^^^^^ 

to a measuring device. The measuring device is not shovwi in the Fig. 1 A. , ^ ,w =r.H fho 

The test r^ece 1 which comprises the metal tube 2. the metal sleeve 4. the thermocouple 5 as the sensor and the 
protSlfng tube 3 to be ir^erted when necessary, is rotatably held by rotary holding members 7 and 8. On the caulking 
part of the metal sleeve 4. a welding torch, e.g.. a laser beam welding torch 9. is provided facing it^ 

The test piece 1 is rotated one round while holding H by the rotary holding merrtoers 7 and 8 and welded by the 
laser beam welding torch 9. When the welding condition is carried out. for example, by ^[^beam weWing. cc^d*^^^^^ 
sih II pulse suengths. pulse separations, rotary speeds of the test piece are vanously changed, and temperatures 
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are measured by the thermocouple 5. As the thermocouple 5 is inserted into the position within the metal tube 2 rom 
which the optical fiber has been taken out, it means that it is measuring the temperatures ot the position most likely to 
be affected by welding heat if the optical fiber exists. By measuring temperatures in this way the most operationally 
efficient optimum welding condition is set within the range wherein no heat effects are given to the optical fiber. 

As shown in Fig 1 B two metal tube covered fiber cables 10 and 20 to be actually connected are prepared. As for 
one cable 10, a core wire optical fiber 1 1 is exposed by a length necessary for welding while a metal tube 12 'S ©cposed 
by a length necessary for attaching a metal sleeve 13. Also, for this cable 10. a protecting tube 14 ,s inserted into the 
end part of the metal tube 12. Though for the other cable 20 an optical fiber 21 is exposed by a length necessary for 
welding with the optical fiber 1 1 . the exposed length of the metal tube 22 is shorter than the leny of the metal tube 12^ 
because when a metal sleeve 13 moves its end part overlaps with that of the tube 12. A protecting tube 24 .s inserted 

AfteMhe%^rS Site I!f the optical f bers 11 and 21 of the two cables 1 0 and 20 are fused under this state, the metal 
Sleeve 1 3 is moved from one cable 10 over to the other cable 20. and the both ends of the metal sleeve 13 are caulked 

^ ^^?^"tJII) «bl«'lO and 20 whose optical fibers 1 1 and 21 are welded and metal tubes 12 and 22 are tentatively 
connected by caulking the metal sleeve 13 are brouhgt to the welding device used for welding the test pieces as shown 
lnFig1A.Thatis. as shown in Fig.1D. for the cable 20 the caulking part of the metal sleevelSwhichbecomesawe 

part is moved to the position of the welding torch 9. and on both of its sides the metal tube 22 and the metal sleeve 13 
are held by the rotary holding members 7 and 8. Then, in the same way as in the case of the test piece 1 . weldmg b 
carried out under one and the same condition. After this, the relative positions in an axial direction between the cables 
10 and 20 and the welding device are changed, similar welding work is done for the cable 10 on a position indicated by 
a double dotted chain line in the Fig. ID. and the actual connectton is completed. 

Next as shown in Fig. 1 E, welding is done under one and the same condHion as in the case of the achial connechon 
using the other test piece 1 . and temperatures in the vicinity of the welding part are measured by the thermocouple 5 
at the time of welding. When the measured temperatures are not far different from those at the tme of welding under 
the condition set for the test piece 1 . that is. within the allowable values, it will be identified that the acjal wnnecbon 
was carried out under the optimum welding condition, or ctose to it. On the other hand, if the measured temperatures 
exceed the allowable values, the connection must be carried out again, since the set welding condition changed for one 
reason or another while operating the connection. 
30 Some changes of the embodiment accoiding to the present invention as shown in the Figure may be possible. For 
example, at this embodiment the protecting tube is inserted before welding. However, the present invention may be 
applied to the case where the protecting tube is not used. Also, though the example of laser beam weWing was teken 
oSer welding, such as arc welding or the like, may be used. In these cases. H is possible to make the cable nonrotataWe 
and the welding torch rotataWe instead. As for the test pieces, temperatures may be measured by such known elements 
35 as a thermistor, a silver thermometer or the like instead Of usmg the thermocouple as a sensor. 

Further in the above description the actual connection of the cables was carried out once dunng welding of the test 
pieces whidi was done twice. However, it is possible to connect cables continuously by a plural number of times if a 
welding conditionis identified to be relatively stable. 

According to the present invention, prior to connection of two metal tube covered optical fiber cables by welding 
using a metal sleeve temperatures in the vicinity of a welding part are measured by test pieces having the same type 
of metal tubes, a metal sleeve and a sensor and an optimum welding condition is set. and then the cables are connected 
under this condition, after this the other test pieces are welded under the same condition as in the case o the actual 
connectton, and if at this time the output result of the temperature sensor is the same as in the case of welding under 
the optimal condition the connection is identified to have been carried out normally. Thus, whereas conventionally it has 
been impossible to do post-connection checking of the fluctuattons of the welding condition which may occur during 
connectton and problems have actually occured at the time of use even if the connection is considered to be good, such 
inconveniendes will be prevented according to the present invention. 

Further it will be possible as well to improve working efficiency of the connection, since welding can be carried out 
simply within the allowable values thus preventing welding flaws and the welding condition can be set up to the limit of 

the *^^^'^^^^^';'^^®;^j„ ^g^g pQ53ib,e to exactly grasp the influence of heat on the optical fibers by quantitatively 
measuring temparature changes during welding which is done using test pieces. At the conventional method even if a 
part of the optical fiber cable is cut off and welding is tried by using it as a test piece in the condrtion that the optical f toer 
exists the influence of the metal sleeve welding on the optical fiber may only be observed visually. When there are cotor 
55 changes of the optical fiber, heat effect will be easily identified to be considerable. However, as there ewsts a good 
possibility of deterioration in characteristics even without any color changes, identification by this observationis risky. 
Nevertheless, a method for quantitatively measuring changes in characteristics of the optical fiber itself caused by the 
influence of the metal sleeve welding still remains to be found. Thus, according to the present invention, it will be made 
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possible to operate quantitative measurement of the heat influence level, set an optimum welding condition and certify 
quality after connection of the cables. 

Claims 

5 

1 . A method for connecting two optical fiber cables using a metal sleeve, the optical fiber cable having optical fiber and 
metal tube for covering thereof, the method comprising the steps of: 

(a) fitting a first metal sleeve to a first metal tube to form a fitting portion, the first metal sleeve being the same 
10 as the metal sleeve and the first metal tube being the same as the metal tube; 

(b) inserting a sensor for measuring terrperatures into the first metal tube at a position corresponding to the 
fitting portion; 

(c) welding the fitting portion, while changing welding conditions, and measuring temperatures to determine an 
optimum welding condition; 

15 (d) exposing two optical fibers and two metal tubes by specified lengths on the respective end parts of the two 

optical fiber cables to be connected; 

(e) fitting the metal sleeve on the exposed metal tube of one of the two optical fiber cables: 

(f) fusing the two optica! fibers to each other on the end parts of the two optical fiber cables; 

(g) moving the metal sleeve to a position over the exposed metal tubes of the two optical fiber cables; 

20 (h) welding the metal sleeve and the metal tubes on the entire periphery under the optimum welding condition 

which was determined in the step (c); 

(i) fitting a second metal sleeve to a second metal tube to form a fitting portion, the second metal sleeve being 

the same as the metal sleeve and the second metal tube being the same as the metal tube; 

(j) inserting a sensor for measuring temperatures into the second metal tube at a position corresponding to the 

25 fitting portion: 

(k) welding the fitting portion under the welding condition of the step (h) while measuring temperatures by the 
sensor; and 

(I) confirming that said welding of the step (h) was made under the same condition as said optimum welding 
condition. 

30 

2. The method of claim 1 , wherein 

the first metal sleeve is fitted to the first metal tube and caulked in the step (a); and 
the second metal sleeve is fitted to the second metal tube and caulked in the step (i). 

35 3. The method of claim 1 , wherein the sensor for measuring temperatures is a thermocouple. 

4. The method of claim 1 , wherein said welding of the step (c) is a laser beam welding. 

5. The method of claim 4, wherein said laser beam welding is a laser beam pulse welding. 

40 

6. The method of claim 1 , wherein the optimum welding condition is set within a range wherein no heat effect are given 
to the optical fiber. 



BNSOOCID: <EP_0690321A1J_> 



5 



EP 0 690 321 A1 



FIG.1A 




3 5 



FIG. IB 



20 10 
\ 22 24 21 11 .14 / ,12 ,13 



FIG.IC 



20 



to 



9^ 



\/22 21 11 ,13 12 



FIG.ID 



20 



9 8 



^. rt ...8 / 

1^3 !^ ;2 / 



10 



n 
li 



n 

ii 



FIG. IE 



3 5 



4 



BNSDOCID: <EP 0690321 A 1J_> 



6 




EP 0 690 321 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 95 10 9913 



DOCUMENTS CONSIDERED TO BE RELEVANT 



CMcgwy 



CkalieD of 4 



t with iodkatien, where apprapriaiat 



CljtSSmCATION OF THE 
APPUCATION (|at.CL6) 



DE-A-40 30 291 (HITACHI CABLE, LTD ET AL.) 

* claims 5,9,10; figures 2A-4F * 

PATENT ABSTRACTS OF JAPAN 
vol. 16 no. 305 (P-1380) ,6 July 1992 
& JP-A-04 083206 (FUJIKURA LTD ET AL.) 
17 March 1992, 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 15 no. 372 (P-1254) ,19 September 

1991 

& JP-A-03 146911 (NIPPON STEEL WELD PROD 
& ENG CO LTD) 21 June 1991, 

* abstract * 

EP-A-0 576 266 (HUGHES AIRCRAFT COMPANY) 
•■claims 1,2,19; figures 1-3 • 



1-5 
1.2 



G02B6/38 



1.4.5 



TECHNICAL FIEUIS 
SEABCHCD (lBt.CL6) 



G02B 

B23K 



The present search report has been drawn up for all daims 



g 
I 

1 
§ 

z 
8 



ttmtottmmtk 

BERLIN 



IM*«fa 



13 September 1995 



Cuny, J-M 



CATEGORY OP CITED DOCUMENTS 

X : partlGiiluly relevuit ff taken alone 

Y : panictttariy rdevut if ooabincd with mother 

docBiaent of the same category 
A : technolosical back^uad 
O : ttOD-writtcn dlsdosure 
P : intermediate docuBcot 



T : theory or pri&dple onderiytng the iDvcation 
E : etriitf patent docaaeat. but pobUsbed on, or 

■fter the filing date 
D : document dted In the application 
L : docuaent dted fbr other reasons 

A : mcnbcr of tfae stae patent faally, corresponding 
doctsnent 



7 



BNSOCX:iD: <EP_0690321A1J.> 



